. N-proximal PrP Abs decorate clusters of micrometer-long strings specifically in prion-infected cells, primary mouse DRG cells, and brain. (G) CHO cells were labeled with MitoTracker red, rinsed, and reseeded to co-culture with ScGT1 for 48 h. Cells were then cooled to 8°C, incubated with PIPLC, and stained with 8B4 followed by Cy2 secondary Fabs (as described for Fig. 4 A), and then visualized by fluorescence microscopy. Notice that CHO cells (which are not susceptible to prion infection) lack strings even when grown in proximity to a string-positive ScGT1 cell. (H) ScGT1 contain appreciable amounts of FL PrP Sc . Lysates of uninfected GT1 and of infected ScGT1 cells were fractionated by sedimentation through sucrose-Sarkosyl gradients (as in Fig. 1 B) . Fractions collected from the top (S: fractions 1-4) or the bottom (I: fractions 8-11) of the gradient were pooled, deglycosylated with PNGase F, and analyzed in WBs developed with N-terminal mAb SAF32. The arrowhead points to the deglycosylated highly aggregated FL PrP Sc in ScGT1, which is absent from the corresponding I fraction of GT1 cells. (I) A cluster of mouse DRG cells in a dish of DRG co-cultured for 5 d with ScGT1 were fixed, permeabilized, and stained with 8B4. DRG cells were distinguished by the shape of the neuronal cell bodies from which bundles of straight, nontapering axons radiated. The DRG cell in the field has abundant strings. (J) SAF32 immunofluorescence (green) labeling of prion-infected hippocampus stratum oriens in a mouse 106 dpi. No epitope retrieval procedure was performed (compare with Fig. 1 E) . Blue, DAPI; arrows, streaks of SAF32 immunofluorescence (enlarged in inset). Sc but not PrP27-30. ScGT1 lysates, either untreated or treated with PK (+PK; 20 µg/ml; 30 min at 37°C), were deglycosylated with PNGase and analyzed in a WB developed either with core Fab D13 or with N-terminal mAb 8B4. 8B4 reacts with the 26-kD FL species but not with the 19-kD band, which comprises deglycosylated PrP27-30 molecules. (D) 8B4 reacts specifically with PrP in strings. SMB cells were fixed, denatured with FA, and colabeled with N-terminal mAbs 8B4 and SAF32. (right) The mAb mixture was preincubated with a peptide (8 µm/ml) mimicking the 8B4 epitope but unrelated to the SAF32 epitope. The peptide prevented the staining of strings by 8B4 but not by SAF32. (E) DIC images of the fields shown in Fig. 1 C (a, b, d , and e). (F) PK-resistant PrP in chronically infected Min6/RML. Cell lysates were analyzed in a WB developed with IPC1. Where indicated, lysates were digested with PK (20 µg/ml; 30 min at 37°C) before electrophoresis. Step 1) Subconfluent ScGT1 growing on chambered coverslips were fixed, permeabilized, and costained with a mixture of mAbs 8B4 and SAF32 followed by subtypespecific secondary Abs (a and b), and then photographed. ( Step 2) The cells were denatured with GdnSCN (3 M; 5 min), reblocked with BSA, and restained with the same primary and secondary Abs, and the same fields were rephotographed using strictly the same acquisition parameters (c and d). Strict controls confirmed that the denaturation completely stripped the primary Abs used in the first round of staining. 3 M GdnSCN increased the immunostaining intensity of 8B4 and SAF32 by 2× and 6×, respectively. (G) PrP Sc strings on intercellular connections revealed by denaturation staining protocol with both N-and core Abs. ScGT1 cells were costained with N-mAb SAF32 and core mAb 8H4 using the FA denaturing protocol and subtype-specific secondary Abs. (H) Strings in CAD cells infected with strain ME7. Fixed cells were denatured with FA before staining. (I) The D13 epitope is equally hidden in strings and in endosomal PrP27-30 stores. ScGT1 cells were fixed, treated with the indicated concentrations of GdnSCN (5 min at RT), and then costained with 8B4 and D13. Up to 1.5 M GdnSCN, D13 failed to decorate strings (white arrows) or endosomal stores. At 2 M, and more prominently at 3 M GdnSCN, D13 codecorated 8B4-positive strings (red arrows) and also revealed endosomal PrP27-30 stores (green arrows), which do not stain with N-terminal mAb 8B4. . They were then subjected to a PM tear-off procedure, and the PM sheets adsorbed to coverslips were fixed with formaldehyde and stained with ThT. Even though PrP C patches in the uninfected cells stained intensely with 8B4 (compare a and c), only the string structures in the infected cells fluoresced with ThT (compare b and d). (C) ScGT1 were labeled with 8B4 followed by a secondary Fab-RRX and then subjected to a tear-off procedure. The material transferred to the coverslips was fixed with formaldehyde and then stained with ThT. In c and d, fixed coverslips were incubated with 98% FA (2 min at RT) before staining with ThT. FA prevented string ThT fluorescence (compare d and b), whereas the 8B4-derived fluorescence remained after the FA treatment (a and c). (D) ThT staining was discontinuous and quasi-periodic along strings (2D deconvolution). (E and F) Correlative LM/SEM. Cells were grown on ITO-coated glass slides with a gold nanoruler visible by both DIC LM and SEM (E, arrows). Live ScGT1 cells (E [II] and F) were immunolabeled with 8B4 followed by secondary fluorescent and 18-nm immunogold labels (Materials and methods, Correlative LM/SEM). ScGT1-PPS (E and I) were labeled as above, except that a clustering Ab was used to induce PrP C patches on the cell surface. In E [II] and in F, the ScGT1cells were treated with PIPLC before immunolabeling. In all panels, cells were fixed, visualized by immunofluorescence, postfixed, and further processed for SEM without metal coating. The nanoruler permitted positional correlation between LM and SEM. (E) each row represents a single field; LM (fluorescent and DIC) and SEM (BSe) images (low magnification); and overlays thereof are shown. (F) The ScGT1 field delineated by the dotted box in E was observed by higher magnification SEM (magnification of 5,295 in F [a] compared to 1,000 in E). Note that colloidal gold was readily visible using BSe even at this relatively low magnification (inset in a, magnified in c) and correlated well with strings seen by immunofluorescence (compare b and c). A higher magnification image of the field in c is shown in Fig. 6 E (a) . The length of the immunogold bridge limits the lateral resolution to 40 nm (Materials and methods, Correlative LM/SEM). . Microscopic z-stacks were acquired, and 8B4 and cytoskeletal staining were compared in several focal planes. We found no colocalization or alignment between the strings and the cytoskeletal elements. We also failed to discern higher scale organizations in fibers that would correspond to string clusters. Note that the tubulin and PrP panels in A represent two focal planes 1.35 µm apart, as strings are located more peripherally than the microtubule web. (B and C) ScGT1 cells were treated with either nocodazole (0.1 µM; 30 min; B) or cytochalasin D (2 µM; 15 min; C) to inhibit the tubulin or actin cytoskeletons, respectively. They were then fixed with MeOH at 20°C (B) or fixed with formaldehyde (37°C for 45 min) and then permeabilized with Triton X-100 (C). Cells were then stained with 8B4 and costained with a -tubulin Ab (B) or with phalloidin-rhodamine (C) to show microtubules and f-actin, respectively. Disrupting these cytoskeletal elements (compare a and c) did not alter the shape of the strings (compare b and d, respectively), suggesting that strings were not directly specified by these fibers. (D) TEM. Min6 and Min6 RML cells were fixed, scraped off the dish, pelleted, cryosectioned, and immunolabeled with SAF32 followed either by secondary fluorescent Ab (a and b) or with a bridging Ab followed by protein A-10-nm gold (Materials and methods). Sc foci (see Fig. 10 B, Model B) . In f, no structural feature is evident on either side of the PM in association with the clusters. In g, clusters are localized at membrane protrusions (similar to e). In all experiments except No. 1, cells were fixed before microscopic examination. Internalized dextran in No. 1 was observed both in fixed and in live cells, to allow the detection of temperature-and/or fixation-sensitive endocytic structures such as the GPI-AP-enriched endosomal compartment involved in GPI-AP endocytosis (Sabharanjak et al., 2002) . a Live cells were incubated with the reagents before fixation.
